Regenerative Medicine is a strongly innovative field in medicine. Next to the technical challenges of preparing a Tissue Engineering product which shall provide a full substitute or functional replacement of a biological structure, the imperative to fulfil regulatory requirements and the insecurity of start-up entrepreneurship in order to cash-flow gives even more challenges in transferring medical products into market. Standardization of quality aspects and procedural knowledge for tissue engineered medical products in national, European and international context provides for gaining competitive advantages. Normative documents could help addressing legislative requirements from, e.g., European Directives. Here we depict the standardization landscape on national (DIN), European (CEN) and international (ISO) level, provide an introduction to their interaction and explain about available publications, with a particular focus to the committees in the field of Tissue Engineering and Regenerative Medicine and their current work items.
1

Strategic Approach
Standards generate economic benefits that have been estimated at 17 billion euros a year for Germany alone [2, 3] . They facilitate trade, spread knowledge, disseminate innovative advances in technology, and share good management and conformity assessment practices. Laying down the state-of-the-art, standards have a strong potential as tool towards meeting regulatory requirements. On political level the active participation in standardization committees on European and international level was identified as a basic condition in order to secure the German interests in innovative fields like Tissue Engineering and Regenerative Medicine [4] . The German government addresses standardization as a motor of innovation, and especially supports the involvement of SMEs in standardization activities. Goal is the implementation of innovative techniques into standardization on European and international level, while securing the involvement of national experts. The benefit of addressing standardization in an enterprise or organization is not a short time effect, but provides for sustainably shaping the environment for economic success on the mid and long term horizon. The standardization network is the pivot platform for identifying shared problems, defining state-of-the-art solutions with the help of other experts including from other stakeholder groups, and for publishing consensus-based results as recognized normative documents. Not the least, joining in standardization offers the possibility of benchmarking, and the knowledge of the interests of other stakeholders can be an advantage in developing future products and processes. 
Standards development process
The development of national, European and international standards follows a well-described process and involves several stages. Image 2 shows the steps in development of a standard on national level. The development on European and international levels is along the same lines, but involves additional coordination work and voting of the national mirror committees.
Image 2 Development of a standard on national level.
Once a proposal for a new standard has been submitted and been accepted by the responsible committee, the drafting of standard according to the scope set-out in the initial proposal commences. A working draft is developed and may undergo several reviews until the responsible committee agrees to publish it as a draft standard. The draft standard is reviewed and commented by the general public. The comments are collected and have to be discussed in the committee. They will be accepted or rejected, as determined by the committee's consensusbuilding discussions, and the draft standard will be revised accordingly.
The resulting final draft serves as the manuscript for the standard and is submitted for publication by the standards organization in question (national, CEN or ISO). In European and international standardization, the socalled national mirror committees (see 2.3.2) assume the role of general public. The national standards body is responsible for collecting comments on the national level and for submitting a consolidated position of the national committee and collection of comments, if any, to the European and International standardization bodies. As regards the timeframe for standards development, the time allowed for the different stages is strictly determined. The default overall development timeframe of a new standard is 3 years. Published standards are subject to a systematic review at least every 5 years. 
2.3
National Mirror Committee
When a Technical Committee has been set up on international (ISO) and/or European (CEN) level, the responsible structure in each national standards body, such as DIN for Germany, decides on the extent to which it wants to be involved in the work. A so-called "national mirror committee" is entrusted with following the work. This could be by correspondence or by directly joining through nomination of a national delegation to the Technical Committee and/or of experts to their working groups (WGs). Image 3 depicts the principle of nomination of delegates and experts to ISO or CEN structures.
National Delegations
National mirror committees formally nominate their national delegation to the meetings of ISO or CEN Technical Committees, as well as the spokesperson (head of delegation). The national delegation presents the national position formed in consensus within the mirror committee.
Image 3 Representation of national mirror committees in ISO and CEN Technical Committees
Nominated Experts
Mirror committees nominate experts to European and international working groups (WGs). Experts are nominated individually and participate in a project until the work is completed or the nomination is revoked. According to the applicable rules nominated experts act in their personal capacity rather than as an official representative of the nominating body. 
2.4
Standardization Landscape in Tissue Engineering
Standardization activities in the field of Tissue Engineering are carried out on three levels: National, European and international. Image 4 depicts the committee structure and relationships between the various groups. 
Image 4 ISO, CEN and DIN Technical Committees in the field of Tissue Engineering and Regenerative Medicine
National level: Germany (DIN)
International level: International Organization for Standardization (ISO)
Within the International Organization for Standardization, there are two Technical Committees concerned with the field of Tissue Engineering, one of them being ISO/TC 150/SC 7 "Tissue-engineered medical products". Scope of ISO/TC 150/SC 7 is standardization in the field of implants for surgery and their required instrumentation, covering terminology, specifications and methods of tests for all types of implants, and for the materials both basic and composite used in their manufacture and application, as well as objects or devices which are surgically implanted in the body either temporarily or permanently for diagnostic or therapeutic purposes. 
New work items
Recently, various efforts have been made to initiate new standardization work in the field of Tissue Engineering. The secretariat of CEN/TC 316, which is lead-managed by DIN, organizes a two-day workshop under the title "New Steps in Cardiovascular Tissue Engineering". The first day of workshop focuses on the development of heart valve substitutes using the emerging new field of cell and Tissue Engineering. The second day of workshop is dedicated to the usage of seeding and cultivation methods (bioreactors) for the controlled development of engineered implants. Next to the discussion of the technical issues in these topics, the needs for standardization will be discussed. The results of the workshop will be submitted to CEN/TC 316 with a view to initiating new standard projects, as required. Further items having been suggested as potential items for future work of CEN/TC 316 are: Requirements for storage of tissues under liquid nitrogen, requirements for cryo-conservation, and requirements for cell culture incubators.
On ISO level, a new project "Tissue-engineered medical products -Evaluation of anisotropic structure of articular cartilage using DT (Diffusion Tensor)-MR Imaging" was started in 2010.
Shaping the environment to gain a competitive lead
Standards, specifications and guidance documents published by a recognized organization such as CEN or ISO could support you in the activities needed towards meeting regulatory requirements; the process can be simplified and approval expenses reduced. Normative documents can be developed with a focus to addressing basic factors which determine the marketability of (future) products. These include, but are not limited to, a consistent terminology for product characterization, the quantities and units needed in this context, specified quality criteria and associated minimum requirements, a recognized procedure for risk management and universally described test methods to provide for independent verifiability. Standardization allows stakeholders to lay down, in a consensus-based process, the state-of-the-art in this respect, thereby shaping the business environment of current and future markets for innovative products both on the European scale and worldwide. The active participation in the development of standards on national, European and/or international level may provide several benefits to scientists and manufacturers.
Next to the possibility of influencing the contents of the standards according to business needs, the interaction with international and European partners may broaden the network of personal relationships to partners and stakeholders. The coordination with other interested parties expands the knowledge about their needs and interests, which can be a crucial advantage in the development of technical solutions. If you are interested to join in the development of standards for Tissue Engineering and Regenerative Medicine please contact your national standards body.
